This study investigates different provisioning services in the peri-urban landscapes of Manila conurbation through a case study of two villages in the Jala-Jala municipality of the Laguna de Bay area in the Philippines. Laguna de Bay is an ecologically productive and important watershed for the urban and peri-urban areas of Manila for the provision of food, freshwater, and other materials. However, the lake and its ecosystem are under threat because of rapid urbanization and associated land-use changes. This study is based on a semi-quantitative survey conducted with 90 households in two villages: Special District and Paalaman. It was aimed to capture how provisioning services in the locality are connected with local livelihoods. The results obtained from the study suggest that landscapes in this peri-urban area still has considerable provisioning ecosystem services associated with local biodiversity and that this dependence on provisioning services and their relationship to peri-urban landscapes and biodiversity should be addressed for sustainable landscape management. The results have important implications for the conservation potential of biodiversity on which local livelihoods depend, in urban and peri-urban ecosystems.
Introduction
Ecosystems provide multiple services to us with basic materials for survival and wellbeing such as food, fiber (e.g., cotton), and fuel (e.g., wood, charcoal). Ecosystems also provide other services that are less understood readily, such as storm surge defense by coral reefs and mangroves, which save human lives and properties. Also other intangible services such as providing good vista or other means through which we recreate and enjoy nature [1, 2] . Ecosystems thus are related closely to our materialistic as well as non-materialistic (e.g., spiritual) wellbeing. Studies show that ecosystem services (ES) and human wellbeing are intricately related [3, 4] and many of the wellbeing components may not be understood with simple monetary valuation only [5] .
Sustainable use of biodiversity and ES in human-dominated landscapes such as urban and periurban areas is closely related to different human wellbeing components, such as health, security, and good social relations [6, 7] . As more than two-third of the world population is expected to live in urban areas by 2050 [8] , it is assumed that urban areas will have a bigger global ecological footprint [9, 10] . However, urban areas depend on ecosystems to maintain a number of important wellbeing components through the release of different ES [11, 12] . Urban areas-in order to remain croplands, all of which have combined to deteriorate the watershed environments of the region [49] , deteriorating resilience of the urban and peri-urban ecosystems.
The urban and peri-urban areas of Manila are situated within Laguna de Bay watershed, which is one of the largest lagoons in Asia. It is an ecologically productive urban lake basin in the Philippines and a part of the complex Pasig-Marikina-Laguna de Bay Watershed. Its ecosystem creates a brackish water environment maintained by saltwater and freshwater pulses. The lake basin is drained by 24 tributary rivers, the waters of which flows through the lake and the Pasig River to the Manila Bay. Thus, the system consists of a watershed with an annular or concentric drainage pattern with only one outlet (through the Pasig River). The lake waters are replenished in approximately 8 months, because of a large amount of freshwater input from the surrounding watershed [49] . The tributary watershed landscapes (such as the area studied in this paper) carry out important ecosystem functions of the lake ecosystem, carrying water, soil, and nutrients that support biodiversity in the lake basin [50] .
Laguna de Bay ecosystem has been a vital source of multiple ES. People use the lakeshore and riverine areas for harvesting fish, clams, snails, wild game, firewood, and vegetation. Indigenous fish species such as goby (Gobiopterus lacustris), tigerperch (Leiopotherapon plumbeus), needle fish (Zenarchopterus philippinus), and Manila sea catfish (Arius manillensis Valenciennes) found in the area are also nationally threatened [51] . The habitats of nationally threatened species indicate that important ecosystems, albeit in a fragile state, are present in the area. The watershed also houses a wide variety of crustaceans, mollusks, and indigenous plants [52] . The ecosystem thus constitutes a vital natural resource base for the urban and peri-urban landscapes of Manila. The two villages (Special District and Paalaman) are chosen for this study in order to capture the picture of provisioning services at the village level ( Figure 1 ). The Jala-Jala municipality was selected because of its diverse landscapes (i.e., availability of grasslands, brushlands 1 , built-up areas, agricultural areas) ( Figure 3 ). The Jala-Jala area is also reported to be a relatively biodiverse area situated near the Manila conurbation with farming and fishing-based populace who depend on their surrounding landscapes for livelihoods. The situation of low-lying lagoon area with fertile soil and coupled with monsoon climate has produced the biodiverse characteristic of the Jala-Jala. Jala-Jala is covered with regenerative forests (brushlands) and home-gardens and lakeshore settlements with fishing and agriculture-based communities. These brushlands are remnants of forests that were felled by logging companies in the 1950s and 1960s. The opening of brushlands (regenerative forests) often 1 Brushlands denote the degraded forest areas as a result of extensive logging that took place in the Laguna de Bay basin after the World War. However, although they denote a "degraded" state regarding the initial forest cover, they are also the "regenerative" and post extraction secondary type forests, except where they are altered further to non-forest areas.
takes place with an increase in fallow lands or grasslands, which occupy the ecologically vacant spaces [53] . It is worth noting that regenerative forests are the largest and the most dynamic type of forest ecosystem in the Philippines [54] . These forests are under threat from land use change in watersheds primarily consisting of agricultural expansion, artificial reforestation, and logging [55] , their future in the peri-urban areas thus are especially vulnerable. 
Land use/Land cover class

Methods
The study carried out a survey conducted between May and September 2016 with both male (38 in Special District and 47 in Paalaman) and female (42 in Special District and 48 in Paalaman) heads of 90 households (Table 1) . A semi-quantitative survey was conducted using a Likert scale because we needed to capture locals' perception on provisioning services through social valuation techniques. The data were represented through descriptive statistics to visualize the obtained information quantitatively. The aim of the survey was to assess local community values on the importance of provisioning services, the abundance of different provisioning services, and their main drivers of change. A comparison of the economic situation between the villages and the relation to ES were also carried out in the study to find out how provisioning services are related with locals' economic situation and how these services are used in the two villages. We interviewed both the main male and female resource harvesters/users in each household. So, there were 80 respondents from Special District and 95 from Paalaman, resulting in a total of 175 respondents (42 households from special District and 48 households from Paalaman) to the survey ( Table 2 ). As of 2015, Special District had a total population of 4196, and Paalaman had a total population of 343 [58] . Landscapes were divided into two categories, which are: (a) Those near the lakeshore regions represented by the village Special District; (b) those inland and away from the lakeshore regions represented by the village Paalaman to capture and compare the different provisioning services available in these two types of landscapes. The surveyed population in the two villages was characterized by low income, farmers, fishers, and small business owners of various ages, with low education levels. The survey was conducted with the permission of local barangay captains through a written letter of request by the first author of the article. The survey was done with training and instructions to local researchers, together with an expert in rural and urban studies in the Philippines. A local researcher from Manila in order to break the language barrier and engage better with the local communities conducted the actual survey. For ES analysis we sought people who were engaged with subsistence level resource use as a part of their livelihood. This is because forms of subsistence were an important parameter to judge the connection of people to the ecosystem at the landscape level. However, because of the influence of urban processes in the study areas, the subjects were not solely dependent on subsistence living. We approached the resource user community by asking them to describe what kinds of resources they directly acquire from the surrounding areas (for example, agricultural areas, home-gardens, degraded forests, riparian areas, freshwater streams, and the Laguna Lake).
A snowball sampling procedure was followed, where each level of household interviewees introduced the researchers to the next target households. The participants were selected through two local key informants who were well acquainted with the Jala-Jala landscape and local people. Key informants, together with households also helped us find families who lived in the areas for more than 30 years to acquire long term livelihood-based information on local landscapes. The number of subsequent households ranged between 1 to 4, depending on the previous interviewees' willingness, as well as on their acquaintance level with other families. Snowball sampling was applied, as the main goal of the study was primarily exploratory and descriptive (e.g., the values attached by locals to different provisioning services which they acquired from the target landscape, the drivers of change of these ES as experienced by the locals), where this type of sampling works well [59] . Snowball sampling technique was used to go deeper into the population regarding their everyday resource use from the landscapes, a socio-ecological part that lay hidden and needs special methods (e.g., acquaintances) to extract data.
Based on the response of the local resource users, a five-point Likert scale expressed the degree of importance given to the set of ES [60] . We created a list of provisioning ES and assess their importance to the locals. This type of socio-cultural perception study is increasing and becoming more in use in ES oriented studies [11] . The respondents were asked to choose from a 5-point scale-"Very important," "Important," "So-so," "Less important," "Not important," with "Do not know" as an additional option.
During the survey, the interviewees were also asked to choose a set of most important drivers of change to the provisioning services. The survey tried to capture the perception of the local resource users and identify factors which deteriorate provisioning services. Local resource users often have a greater understanding of provisioning services than understanding of regulating, supporting, and cultural ES. Thus, the procedure followed in the survey gave clarity of perception in identifying the drivers of change when compared with other ES.
The survey was terminated when the information asked for started to repeat them, taking this as an indication of saturation point [60] . In our case, the survey was continued up to 90 respondents. The acquired data were then represented through descriptive statistics.
Results and Discussion
Multiple Provisioning Services from Peri-Urban Village Landscapes
Our study found that a total of 10 provisioning services were available from the two villages. These were: crops, firewood, timber, non-timber forest products (NTFPs) such as fruits and honey, livestock, freshwater, game, fish, shellfish and clams, and medicinal plants that the local populace acquired from the surrounding landscapes, rivulets, creeks, canals and the lake (Figure 4 ). Fishing was the major source of income in the surveyed households, as 48 of the 90 households (53%) in the studied villages depended on a fisheries-related profession. The availability of NTFPs from plants that providing wild food and medicines, as well as their importance in the local households in a crop and fisheries based local economy was particularly important that showed the characteristic of provisioning service in the two villages. Fruits, wild herbs and medicinal resources acquired free from the landscapes constituted the main part of the plant-based NTFPs. The availability of wild game such as monitor lizards, wild boars, wildcats, pythons, game birds such as jungle fowls, herons, orioles, and quails mentioned during the interviews mean that the area is supportive to wild animals at the vicinity of the lakeshore areas. The most widely hunted species were reticulated python, and red jungle fowl. Paalaman households showed a higher frequency of hunting wild animals than the Special District.
Our study obtained a similar picture of importance values attached to provisioning services in general by the households of the two villages. However, households of Paalaman showed slightly higher importance values attached to crops, timber, game, and medicinal plants and slightly lower importance values attached to firewood, NTFP, livestock, freshwater, fish, and shellfish and clams when compared to that of Special District (Figure 4 ). The surveyed households depended on 15 types of fish, clams, and snails in their diet. This indicates the availability of diverse food provisioning for a total of 59 (66%) households in the two villages (32 households in Special District and 27 households in Paalaman). The poorer population also consumed invasive species like the kuhol snails (Pomacea) that are damaging especially to the rice plants. Cultured tilapia (Perciformes) and freshwater clams (Corbiculafluminea) were the major fish and clams consumed in the two villages. Forest products were used in 38 (42%) households, and crops were used by 35 (39%) households in the two villages. Land areas that were not exactly near the lakeshore cultivated 34 crop varieties, whereas lakeshore areas (available only in Special District) cultivated 5 crop varieties with an overabundance of water spinach (Ipomoea aquatica); along with collecting firewood (also used in charcoal-making), medicinal plants, and hunting of small game animals. Natural medicines were acquired from 19 different varieties of plants near the village domain (some of these were also cultivated in the agricultural plots). Paalaman's households acquired more medicinal plants than that of Special District because of its nearness to the forested areas of Jala-Jala. The most widely used medicinal plants were moringa (Moringaoleifera), bitter gourd (Momordicacharantia), stone breaker (Phyllanthusniruri), oregano (Origanumvulgare), aloe vera (Aloe barbadensis Mill), ashitaba (Angelica keiskei), and leichhardt tree (Naucleaorientalis). Fruits acquired free from the surrounding landscapes constituted another well mentioned NTFP. Food therefore, marked some of the most ubiquitous provisioning services acquired from the landscape, a fact also observed by other studies [61] , together with medicinal plants. Freshwater from natural springs was regarded as a very important provisioning service by 40 (44%) households in Special District and 42 (47%) households in Paalaman. Freshwater available through springs act not only as provisioning but also vital supporting service because of their link to groundwater environments [62] .
One characteristic feature of the study was that the provisioning services were related to diverse landscapes of the two villages through local livelihoods (e.g., agricultural areas, home-gardens, degraded forests, riparian areas, freshwater streams, and the Laguna Lake). The benefits from provisioning services in this sense (goods and services available from the diverse landscapes for free), together with the biophysical structure and processes that produce them remains to be a significant economic asset to be considered for future land use policymaking in the region.
Moreover, judging from the average monthly income from our survey, we found that local resource users in our study in both the villages had similar kind of socioeconomic situations. However, Paalaman had slightly poorer households as 31 of 48 households (about 66%) lived below PHP 10,000 per month compared to 21 of 42 households (50%) in Special District. About 59% of the surveyed households, mostly consisting of farmers, fishers, and small business owners, earned less than 10,000 PHP 2 per family (average 9438 PHP). The lower-income level in the two villages showed that a considerable portion of the relatively economically poorer households relied on the "free" provisioning services from these diverse landscapes ( Figure 5 ). Several scholars have studied the importance of diverse landscapes for keeping landscape ecological integrity from a species based inquiry [63] or an inquiry-based on land use and land cover changes [63, 64] . Our study shows that the relationship of provisioning services with livelihoods can be a valid way to capture the importance of diverse landscapes to the livelihoods of the locals. Our findings are in line with works of [65] [66] [67] [68] and our results show high importance of local resource harvesters with the direct provisioning services acquired from different types of landscapes (e.g., agricultural areas, home-gardens, degraded forests, riparian areas, freshwater streams, and the Laguna Lake). Based on the findings we argue that this assessment of ecosystems' linkage to the 2 PHP = Philippine Pesos (1 peso means approximately 0.020 USD) 
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Special District livelihoods is not stressed on in the previous studies as well as in the land-use decision-making in the Philippines. Such human components are an asset of peri-urban areas including that of Manila. Livelihood-based studies like this are necessary for keeping the diversity of peri-urban ES and their functions to be systematized in an easily understandable manner. This systematization is needed for the conservation of a diverse pattern of local resource use that is functionally related to biodiversity conservation and socio-economic wellbeing near urban and peri-urban landscapes. Moreover, we can add here that although open lands, fallow lands, and grasslands denote further degradation of regenerative forests, these landscapes nevertheless house diverse types of resource use and this indicates that degraded forest areas should be paid more attention for conservation, given, as our study suggests, the bundle of provisioning services they are still capable of producing.
Unique Challenges Faced in the Case Study
This study of the two villages shows the existence of vertebrates that are linked to provisioning through hunting; although hunting is becoming rarer as a practice with the dwindling vertebrate population in the area (an issue raised by the respondents). Studies suggest that globally, 10% of the terrestrial vertebrates are found in the ecoregions near urban and peri-urban areas, which comprise only 0.3% of the earth's land surface [69] . This has considerable implications for their conservation, even in near urban areas, and careful consideration is needed whether hunting activities can still be allowed in the area. Especially the existence of carnivores such as civet cat (Viverratangalunga), a reticulated python (Python reticulatus), and monitor lizard (Varanussalvador) is an important facet of biodiversity near the urban areas, as these species form the top of the food chain and cannot survive without a population of prey animals. Wild pigs found in Jala-Jala are a vulnerable species in the Philippines; the Philippine warty pig has been designated as an endemic and vulnerable or threatened animal on the IUCN red list [70] .
During the survey, abiotic resources such as natural springs as drinking water sources, and fertile soil were deemed important because of their direct influence on provisioning services. Hydrological disasters such as floods were seen to have a negative influence on the use of the landscape. Flooding from the river and the increase in the areal extent of the lake were seen as a negative factor for cultivation in the land. This shows that locals do not realize the beneficial effects of natural flooding. This can be a cause of worry, as tributary streams in the watershed are vulnerable to the building of more artificial levees and flood prevention mechanisms in the future; that may result in deterioration of lateral, longitudinal, vertical, and temporal connectivity in streams, eventually affecting the provisioning ES form the landscapes. As physical connectivity maintains and restores the flow of energy, matter, and organisms in the landscape [71] [72] [73] [74] ; such developments can lead to degradation of multiple ES that are still found in these areas; a concern raised by other scholars [75] . Floods also provide natural disturbance regimes that are needed for the resilience of the ecosystem [76, 77] . Provisioning services that depend on natural pulsed changes such as floods in the ecosystem, therefore, need to be addressed on a special basis apart from the day-to-day needs of local populations. Likewise, releasing fish fry and increasing aquaculture in the lake can eventually result in degrading some ecosystem services in the lake ecosystem such as small-scale local fisheries, and a decline in the population of indigenous fish species. Although it is argued that aquaculture can be helpful in reducing the harvesting pressure in wild species, it can degrade local biodiversity if practiced without restrictions [78, 79] .
Drivers and Pressures of Changes of Provisioning Services in the Watershed
A total of 11 interlinked drivers (direct and indirect) were identified through the direct experiences of the locals. The direct drivers were: climatic variation, natural disasters, land use change, invasive species, overexploitation, not adapted management, and pollution, whereas indirect drivers were: demographic, socio-economic, political, and science and technology. Moreover, some of the direct drivers of ecosystem change discussed above (namely overexploitation, not adapted management, and pollution) have been the outcome of the indirect drivers [13, 80] ; these direct drivers can thus also be explained as pressures that directly change the ecosystem. These direct and indirect drivers affected 6 to 9 provisioning services in our study. Climatic variations and invasive species were two of the most mentioned drivers but were linked to three types of provisioning services (crops, livestock, and fish), while not adapted management was linked to only one provisioning service (decrease of medicinal plants due to weeding). Several factors mentioned during the survey were related to the process of urbanized land use in the rural area of Jala-Jala. These were: increase in residential areas and siltation of rivers due to increase in construction materials in the streams (e.g., cement, sand), water pollution from increasing pig farming and household wastes from a rapidly increasing population in the lakeshore areas, and a high amount of fish cages that try to maximize fish output to be sold for consumption in Manila, while adversely affecting the livelihoods of smallscale local fishers. These factors were repeatedly mentioned during our survey as an effect of the increasing pressure from the consumption pattern of Manila's populace on the landscape we studied, putting adverse impacts on the multiple provisioning services the area is still capable of supporting local livelihoods.
Additional interviews in the villages suggested that more effort in livestock production as a special local environmental problem (such as pig farming, which degrades local freshwater sources and the shore-lands of Laguna Lake through effluent discharges) and less effort in the production of crops from diverse landscapes in the villages. This was mentioned as a major problem for the future of Jala-Jala's agricultural landscapes in general as well. Thus, livestock production, although included as a vital ES in our study, can degrade remaining grasslands and brush-land areas in the study area and can see an increase of one ES (livestock production) at the expense of other multiple ES. Figure 6 shows how the different drivers are related to the importance attached by the local resource users. We see that multiple drivers of change affect highly important provisioning services for the locals in the two villages ( Table 3 ). The number of drivers of change affecting different provisioning services remains the same in the two villages. Both for Special District and Paalaman, fish, crops, water, and timber are affected by a higher number of drivers of change (5 to 7 drivers) than NTFPs, medicinal plants, firewood and livestock (3 to 4 drivers). Special District shows important provisioning services provided by shellfish and clams are affected by 6 different drivers of change. It is assumed that the involvement of more number of different drivers affecting a particular provisioning ES means the increase of threat to that ES. Also, the multiple drivers indicate the unpredictability and complexity involved with changes associated with the ES [81, 82] . Table 3 for details). By looking at the relation of the "drivers" and the "importance," policymakers and ES-based landscape managers will have a better idea for what services need urgent action for their future conservation in the area (i.e., by concentration on the upper right quadrant of Figure 6 ). Less important services such as acquiring wild game, shellfish and clams, with high to moderate number of drivers affecting them also needs special attention, as it means diversity of fauna from the landscape are at very high risk due to lack of understanding of their functions in maintaining different provisioning services and may become nonexistent in the future.
Policy Implications and Towards Pathways for Conservation
Through our case study, we provide two interlinked recommendations for policy and practice in the case study area. These recommendations also apply for the overall management of peri-urban landscapes of the Laguna Lake basin. While these recommendations are context-specific, as they are based on local resident's perceptions, they nevertheless can be applied to peri-urban areas where livelihood-based and socio-ecologically sound development is sought after. Two specific recommendations are:
• Restoration and maintenance of peri-urban watershed environment depend on restoring the social-ecological relationships in the peri-urban landscape. Our results, through a case study of provisioning services, show that in order to achieve sustainable development in urban and periurban areas, local ES needs to be incorporated into land-use planning. This is indicated by the finding that the two villages in Jala-Jala entail a considerable diversity of resource use that in turn provides multiple benefits from the ecosystems for the local population. It is thus desirable that present accounting systems try to include this value of direct provisioning to the local communities to reduce the domino effect of the ever-expanding urbanization and/or land use changes such as sweeping mono-culture of cultured fisheries that feed urban areas. • Mixed livelihood and agricultural practices in the lowlands of the tributary watersheds are supported by multiple provisioning services that still exist in degraded and fragmented agricultural and brush-land landscapes around Manila. It is therefore recommended that while planning from village levels, tributary watersheds be given adequate conservation measures for basin management with an ES approach. Moreover, it is reasonable to maintain and restore such mixed agricultural and brush-land landscapes in other parts of the Philippines as well to maintain the natural capital they possess for the balanced development in these areas.
In relation to the conservation spaces within production landscapes, the balance between aggrading and degrading areas needs to be considered. For example, ES available in landscapes like Jala-Jala are based on movements of biomass (food, fiber, fuel, etc.) across and beyond (but not excluding) the immediate landscapes. Such wilder landscape elements present in the agricultural areas, remain essential parameter to address for landscape conservation [83] .
Limitations of the Study
One limitation of the study was the sampling technique we used in the study. Purposive and non-representative sampling was followed. The sampling method made the study subjective toward decision and understanding of the local resource users as the participants were chosen purposefully through snowball sampling. Snowball sampling also made it not possible to test any hypothesis regarding the population studied, as we analyzed the results through descriptive statistics. Therefore, other (non-purposive) sampling procedure that can draw inferences regarding the population can be a better choice if a correlation study is targeted. Although, we would like to add here that purposive sampling is useful in studying hidden information in the study area such as the relationship of the local population with the biodiversity around them, which our study was supposed to reveal.
In this paper, we have primarily focused on the "inventorying" of main provisioning services. We recognize that more research is needed that brings this overall picture, and relations between different ES in the peri-urban livelihoods of Manila, so that landscape of ecological value becomes well embedded in the peri-urban land use policies. It is expected that the importance of different provisioning services, as well as the status of their degradation, will be even more prominent if more spatial samples can be taken from the Laguna Lake basin as well as other areas in the Philippines with urban proximity.
Conclusion
Our study conducted a semi-quantitative survey to identify diverse provisioning services from two villages in Jala-Jala Municipality in Rizal, Philippines. The study through this survey brings out local community values on the importance of provisioning services, the abundance of different provisioning services, and their main drivers of change. Our results suggest that local provisioning services play an important role in the livelihoods of the two villages studied. The main provisioning services that were important for the locals in both the villages in general were freshwater, crops, firewood, timber, NTFPs, livestock. Fish, shellfish and clams were more important in Special District, while medicinal plants had slightly higher importance value in Paalaman than in Special District. All these were related to the wellbeing of the local community through multiple tangible services. These provisioning services also supported the relatively poorer population in the two villages.
The survey also revealed the threats to these provisioning services by a number of interlinked direct and indirect drivers of change. The provisioning services, according to the local's experiences were increasingly endangered due to intensifying urban land use and resource use patterns. Land use changes and over-exploitation affected the different provisioning services because of combined effects of demographic, socioeconomic, and effects of science and technology (e.g., increased residential areas, water pollution from household and industrial wastes, increased cultured fisheries that degrade natural fishing grounds). Although climatic variation, invasive species, and not adapted management were mentioned to degrade a lower number of provisioning services, but these can affect vital provisioning services (e.g., climatic variation affects crop production) and can affect locals' wellbeing profoundly.
Our study is especially useful to draw attention to reduce further deterioration of landscapes that provide multiple provisioning services at the village level. This study can be synchronized with studies that show future projections of continued urban expansions around the Laguna Lake and loss of biodiversity [63, 64] . This study also shows that local landscapes are important resources for continued livelihood support. Studies that systematize local's perception-based knowledge about provisioning services can play a significant role in a better urban and peri-urban land use planning and sustainable development. 
